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1
OIL MIST SEPARATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a U.S. National Stage Application of International
Application No. PCT/JP2010/060756, filed on Jun. 24, 2010
and published in Japanese as WO 2011/161796 on Dec. 29,
2011. The disclosure of the above application is incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a separator for separating
oil mist from oil-containing gas containing oil mist.

BACKGROUND ART

With an engine of a vehicle and the like, blow-by gas is
emitted from a combustion chamber toward the inside of a
crankcase through a gap between a piston and a cylinder. This
blow-by gas is an unburned mixture, and is thus returned to
the engine. However, this blow-by gas also contains oil mist.
Accordingly, at the time of returning the blow-by gas to the
engine, the oil mist is separated from the blow-by gas by a
ventilator.

For example, a device described in PTL 1 accelerates the
flow of blow-by gas by a nozzle, and injects the blow-by gas
against a collision wall opposite the nozzle. This collision
wall is covered with a textile or non-woven cloth, and is
structured to absorb the oil mist.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese translation of PCT Interna-
tional application No. 2009-539013

SUMMARY OF INVENTION
Technical Problem

With the device of PTL 1, when the textile or the like
covering the collision wall absorbs plenty of oil, the oil
absorbability is reduced. Thus, there is a problem that when
the textile or the like absorbs a large amount of oil, the
performance for separation of oil mist from blow-by gas is
reduced.

The present invention has been made in view of the above,
and its object is to enhance the performance for separation of
oil mist from blow-by gas.

Solution to Problem

To achieve the object described above, the present inven-
tion is a separator that separates oil mist from oil-containing
gas containing the oil mist, the separator including a separa-
tion chamber including an injection hole configured to inject
the oil-containing gas while increasing a flow velocity thereof
compared with a flow velocity in a gas channel through which
the oil-containing gas has flowed, and a spraying surface,
facing the injection hole, onto which the oil-containing gas
injected from the injection hole is sprayed, an oil discharge
portion, communicating with the separation chamber, config-
ured to discharge oil condensed on the spraying surface, and
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2

a gas discharge portion, communicating with the separation
chamber, configured to discharge gas after the oil mist that is
condensed is separated.

Advantageous Effects of Invention

According to the present invention, the performance for
separation of oil mist from blow-by gas can be enhanced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view showing a closed crankcase
ventilation system.

FIG. 2 is a vertical cross-sectional view of a ventilator.

FIG. 3 is a transparent perspective view of a filter element.

FIG. 4 is a vertical cross-sectional view of the filter ele-
ment.

FIG. 5 is a transparent perspective view of a core.

FIG. 6 is an exploded perspective view of the core.

FIG. 7 is a partially enlarged view of the core seen through
an external cylindrical member.

FIG. 8 is a cross-sectional view along line A in FIG. 7.

FIG. 9 is a cross-sectional view along line B in FIG. 7.

FIG. 10 is a cross-sectional view along line C in FIG. 7.

FIG. 11 is a cross-sectional view along line A in FIG. 7,
showing positions at which cross-sectional views of FIGS. 12
to 14 are taken along.

FIG. 12 is a cross-sectional view along line D in FIG. 11.

FIG. 13 is a cross-sectional view along line E in FIG. 11.

FIG. 14 is a cross-sectional view along line F in FIG. 11.

FIG. 15is a partially enlarged view schematically showing
the flow of gas in the core.

FIG. 16(a) is a conceptual view schematically showing the
flow of blow-by gas. FIG. 16(b) is a conceptual view sche-
matically showing separation of oil. FIG. 16(c) is a concep-
tual view schematically showing an oil mist.

FIG. 17 is a perspective view showing the exterior of a
separation unit.

FIG. 18 is an exploded perspective view of the separation
unit.

FIG. 19 is a perspective view showing the separation unit
which is partially cut off.

FIG. 20 is a conceptual view schematically showing the
flow of oil mist.

FIG. 21 is a perspective view for describing a modified
example of the core.

FIG. 22 is a view for describing a modified example where
the core is integrally provided in a housing.

FIG. 23 is a view for describing a modified example where
the core is integrally provided in a cap member.

FIG. 24 is a view for describing a modified example of the
separation unit with a single tier of encircling channel.

FIG. 25 is a view for describing a modified example of the
separation unit with two tiers of encircling channels.

FIG. 26 is a view for describing a modified example with
increased numbers of injection holes, intermediate injection
holes and discharge holes.

FIG. 27 is a view for describing a modified example where
the sizes of the injection holes, the intermediate injection
holes and the discharge holes are changed.

FIG. 28 is a view for describing a modified example where
partition plates are provided in encircling channels.

FIG. 29 is a view for describing a modified example where
protrusions are provided on the bottom surfaces of the encir-
cling channels.
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FIG. 30 is a view for describing a modified example where
flow turbulence members are provided in the encircling chan-
nel.

FIG. 31 is a view for describing a modified example where
other type of flow turbulence members are provided in the
encircling channel.

FIG. 32 is a view for describing a modified example where
a slope is provided on the bottom surface of the encircling
channel.

DESCRIPTION OF EMBODIMENTS

Anembodiment of the present invention is described below
with reference to the drawings. Here, an explanation is given
on a closed crankcase ventilation system (hereinafter,
referred to as a ventilation system).

As shown in FIG. 1, a ventilation system 1 includes a
breather pipe 2 and an oil separator unit 3. The breather pipe
2 partitions a returning channel for returning blow-by gas BG
(oil-containing gas) discharged from a crankcase of an engine
4 to an air inlet side channel 5 that is in communication with
the engine 4. The breather pipe 2 of the present embodiment
returns the blow-by gas BG to a part of the air inlet side
channel 5, at a position connecting an air filter 6 and a turbo-
charger 7. The oil separator unit 3 is provided halfway along
the breather pipe 2, and separates and collects 0il OL from the
blow-by gas BG and returns the oil to the engine 4.

With this ventilation system 1, the blow-by gas GB dis-
charged from the engine 4 flows into the oil separator unit 3
through an upstream side breather pipe 2a. Then, the oil OL
separated by the oil separator unit 3 is returned to the engine
4 through an oil collection pipe 8. Also, the blow-by gas BG
from which the o0il OL has been separated by the oil separator
unit 3 is returned to the air inlet side channel 5 through a
downstream side breather pipe 2b. The returned blow-by gas
BG is mixed with fresh air from the air filter 6, and is com-
pressed by the turbocharger 7. Then, the blow-by gas BG is
cooled by a charge cooler 9, and is supplied to the engine 4.
Accordingly, the blow-by gas BG from which the oil OL has
been removed can be supplied to the engine 4.

Next, the oil separator unit 3 will be described.

As shown in FIG. 2, the oil separator unit 3 of the present
embodiment includes a housing 11, a cap member 12, a filter
element 13, a drain member 14, a separation unit holder 15
and a separation unit 16. Among these sections, a core 31 of
the filter element 13 and the separation unit 16 each corre-
spond to a separator that separates oil mist from oil-contain-
ing gas.

As will be described later, the oil separator unit 3 first
separates a part of oil mist from the blow-by gas BG by the
separation unit 16. Then, oil mist is further separated by the
core 31 from the blow-by gas BG discharged from the sepa-
ration unit 16. In this manner, the separation unit 16 functions
as a separator on the upstream side, and the core 31 functions
as a separator on the downstream side. Moreover, the oil
separator unit 3 functions as an oil separation unit 16 includ-
ing the separator on the upstream side and the separator on the
downstream side.

The housing 11 is a circular cylindrical member with open
top and bottom, and a base 21 on which the filter element 13
is to be placed is provided in the inner space, halfway along
the axial direction.

A cylindrical communication portion 22 that communi-
cates an upper space above the base 21 and a lower space
below the base 21 is provided in the base 21. The upper
portion of the cylindrical communication portion 22 is
inserted into the lower end portion of the core 31 of the filter
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element 13. On the other hand, the separation unit holder 15
is attached to the lower end portion of the cylindrical com-
munication portion 22. Also, the cylindrical communication
portion 22 holds the separation unit 16, in addition to the
separation unit holder 15.

Furthermore, a part of the base 21 is separated from the
inner wall surface of the housing 11, and a drain channel 23 is
formed at this separated part. The drain channel 23 commu-
nicates the upper space and the lower space, and the oil OL
collected by the core 31 flows down the drain channel 23. An
intermediate valve 23a is provided at the lower end of the
drain channel 23. The intermediate valve 23a is normally
closed, and is opened when leading oil in the drain channel 23
to the lower space.

Also, an upper end portion 11a of the housing 11 is pro-
vided to slightly bulge from the outer circumferential side
compared to other portions. A female screw is provided on the
inner circumferential surface of the upper end portion 11a,
causing the same to function as an attaching portion for
attaching a cap member 12.

The cap member 12 has an opening at the lower end, and is
acylindrical member whose upper end is closed with a ceiling
24. A male screw is provided on, and an O-ring 124 is attached
to, the outer circumferential surface of the lower end portion
of'the cap member 12. Therefore, by screwing the lower end
portion of the cap member 12 into the upper end portion 11a
of the housing 11, the O-ring 12¢ fills the gap between the
housing 11 and the cap member 12, and an airtight space is
formed inside the cap member 12 and the housing 11. This
airtight space is used as an element accommodating space for
accommodating the filter element 13.

Furthermore, a pressing/holding portion 25 is provided on
the inner surface of the ceiling 24. This pressing/holding
portion 25 is a part for holding the filter element 13 while
pressing the filter element 13 toward the base by a pressing
plate 25a. A convex protrusion 255 is provided, facing down-
ward, at the center of the pressing plate 25q4. This convex
protrusion 255 is fitted into the upper end portion of the core
31 of the filter element 13. The filter element 13 is thereby
maintained in a state of being pressed toward the base 21.

As shown in FIGS. 3 and 4, the filter element 13 is in a
cylindrical form seen from outside. The cylindrical core 31 is
arranged at the center in the diametrical direction. As
described above, the core 31 corresponds to a separator, and
is formed of a double tube in the present embodiment. Addi-
tionally, the core 31 will be described later in detail.

In the filter element 13, the blow-by gas BG from which oil
has been separated by the separation unit 16 flows into an
inner space 33 (an upstream gas channel) of the core 31. Oil
mist is separated from the blow-by gas BG in the process of
the blow-by gas BG passing through the core 31.

A filtering member 32 is arranged on the outer circumfer-
ence of the core 31. The filtering member 32 removes carbon
or the like contained in the blow-by gas BG which has passed
through the core 31, or guides the oil separated by the core 31.
As the filtering member 32, synthetic fibers molded into a
cylindrical form are used, for example. Additionally, in addi-
tion to a molded synthetic fiber product, a filter paper folded
into an accordion shape may also be used as the filtering
member 32. The blow-by gas BG which has passed through
the filtering member 32 is returned to the air inlet side channel
5 via adischarge port 35 (see FIG. 2) and the downstream side
breather pipe 26 (see FIG. 1) connected to the discharge port
3b. Also, as shown in FIG. 2, the separated oil OL which has
passed through the filtering member 32 flows down into a
space partitioned by the drain member 14.
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The drain member 14 is a funnel-shaped member, and is
connected to the lower end of the housing 11 from below. That
is, the end surface on the wide opening side of the drain
member 14 is joined to the lower end surface of the housing
11 in a liquid-tight manner. A unit accommodating space for
accommodating the separation unit 16 is thereby partitioned
by the housing 11 and the drain member 14. Furthermore, a
narrowed portion (a squeezed channel) 14a of the drain mem-
ber 14 is arranged facing downward, and functions as a dis-
charge channel for discharging the separated oil OL. The oil
OL which has been discharged from the narrowed portion 14a
is returned to the engine 4 through the oil collection pipe 8, as
shown in FIG. 1. A positive crankcase ventilation (PCV)
valve 1454 is provided in the upper end portion of the narrowed
portion 14a. The PCV valve 145 is provided to mitigate the
influence of a change in the intake negative pressure of the
engine 4. Moreover, when the PCV valve 145 moves upward,
the oil OL flows down.

As shown in FIG. 2, the separation unit 16 and the separa-
tion unit holder 15 are accommodated in the unit accommo-
dating space partitioned off by the housing 11 and the drain
member 14. As described above, the separation unit 16 cor-
responds to a separator, and is formed as shown in FIG. 17, for
example, by overlaying, in a through-thickness direction, a
plurality of substantially disk-shaped members, each having a
part of the outer circumference cut out in an arc shape and
having a round opening at its center. Additionally, the sepa-
ration unit 16 will be described later in detail.

As shown in FIG. 2, the separation unit holder 15 is a part
that, together with the cylindrical communication portion 22,
holds the separation unit 16. As shown also in FIG. 19, the
separation unit holder 15 of the present embodiment is
formed into a trumpet shape, with its lower portion flaring out
toward the bottom side. The upper end portion of the separa-
tion unit holder 15 is attached to the lower end portion of the
cylindrical communication portion 22, and the separation unit
16 is held at a position higher than the hem.

Next, the core 31 will be described in detail.

As shown in FIGS. 5 and 6, the core 31 is formed as a resin
double tube having an internal cylindrical member 34 and an
external cylindrical member 35. Furthermore, a separation
chamber 36 for separating oil mist from the blow-by gas BG
is formed between the outer circumferential surface of the
internal cylindrical member 34 and the inner circumferential
surface of the external cylindrical member 35. Also, an inner
space of the internal cylindrical member 34 (the inner space
33 of the core 31) corresponds to an upstream side channel
through which the blow-by gas BG flows.

The internal cylindrical member 34 is divided, substan-
tially at the center in the axial direction, into an upper internal
cylindrical member 37 and a lower internal cylindrical mem-
ber 38. The outer diameter of an upper end part 37a of the
upper internal cylindrical member 37 is aligned with the inner
diameter of the external cylindrical member 35, and the upper
internal cylindrical member 37 is inserted into the inner space
of'the external cylindrical member 35 from the top opening of
the external cylindrical member 35. In the inserted state, the
upper end part 37a of the upper internal cylindrical member
37 intimately contacts the inner circumferential surface of the
external cylindrical member 35. Also, an upper engaging
claw 375 is provided in the upper end part 37a. The upper
engaging claw 375 is used when attaching the upper internal
cylindrical member 37 to the external cylindrical member 35
(an explanation will be given later).

The part below the upper end part 37a of the upper internal
cylindrical member 37 (referred to as a main part 37¢ for the
sake of convenience) is formed to have a diameter slightly
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6

smaller than the inner diameter of the external cylindrical
member 35. Accordingly, in a state where the upper internal
cylindrical member 37 is attached to the external cylindrical
member 35, a gap is created between the main part 37¢ and the
external cylindrical member 35. This gap is made the upper
half portion of the separation chamber 36. A plurality of
injection holes 39 for injecting the blow-by gas BG at an
increased flow velocity are provided in the main part 37¢.
Also, strip protrusions 40 and 41 are provided on the outer
circumferential surface of the main part 37¢, and the protru-
sions guide the blow-by gas BG which has flowed into the
separation chamber 36 from the injection holes 39 along an
encircling direction or an axial direction. Additionally, the
injection holes 39 and the strip protrusions 40 and 41 will be
described later.

The outer diameter of a lower end part 38a of the lower
internal cylindrical member 38 is aligned with the inner diam-
eter of the external cylindrical member 35, and the lower
internal cylindrical member 38 is inserted into the inner space
of'the external cylindrical member 35 from the lower end side
of'the external cylindrical member 35. The lower end part 38a
of the lower internal cylindrical member 38 is formed in the
same manner as the upper end part 37a of the upper internal
cylindrical member 37, and intimately contacts the inner cir-
cumferential surface of the external cylindrical member 35. A
lower engaging claw 385 is provided in the lower end part
38a. The lower engaging claw 385 is used when attaching the
lower internal cylindrical member 38 to the external cylindri-
cal member 35. The part above the lower end part 38a (re-
ferred to as a main part 38¢ for the sake of convenience) is
formed in the same manner as the main part 37¢ of the upper
internal cylindrical member 37, and injection holes 39 and
strip protrusions 40 and 41 are formed thereto.

Then, when the upper internal cylindrical member 37 and
the lower internal cylindrical member 38 are attached to the
external cylindrical member 35, the lower end surface of the
upper internal cylindrical member 37 and the upper end sur-
face of the lower internal cylindrical member 38 are abutted
against each other. The separation chamber 36 is thereby
formed between the internal cylindrical member 34 and the
external cylindrical member 35.

Of the external cylindrical member 35, a surface facing the
injection holes 39 provided in the internal cylindrical member
34 is formed as a spraying surface 35a. The spraying surface
35a is a part where the blow-by gas BG injected from the
injection holes 39 is sprayed. Since the spraying surface 35a
of the present embodiment is the inner circumferential sur-
face of the external cylindrical member 35, it is formed of a
curved surface that is curved along the circumferential direc-
tion.

Also, an exhaust hole 42 is formed at a position different
from the spraying surface 35a of the external cylindrical
member 35 (a position away from the surface opposing the
injection holes 39). The exhaust hole 42 is formed as an
opening communicating the inside and the outside of the
external cylindrical member 35, and corresponds to a gas
discharge portion. That is, the exhaust hole 42 discharges, to
outside the separation chamber 36, as the separated gas from
which the 0il OL has been separated, the blow-by gas BG (the
sprayed gas) that is flowing through the separation chamber
36 after having been sprayed on the spraying surface 354. As
shown in FIG. 5, the exhaust hole 42 of the present embodi-
ment is an elongated slit in the circumferential direction, and
aplurality of exhaust holes 42 are provided being shifted from
one another in the axial direction of the external cylindrical
member 35.
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As shown in FIG. 6, an upper engaging hole 355 is pro-
vided in the upper end lateral surface of the external cylindri-
cal member 35, and a lower engaging hole 35¢ is provided in
the lower end lateral surface of the external cylindrical mem-
ber 35. The upper engaging hole 355 is a part where a hook
portion of the upper engaging claw 375 fits in, and the lower
engaging hole 35¢ is a part where a hook portion of the lower
engaging claw 385 fits in. As shown in F1G. 5, when the upper
internal cylindrical member 37 is inserted sufficiently into the
inner space of the external cylindrical member 35, the hook
portion of the upper engaging claw 375 fits into the upper
engaging hole 355. In this state, the movement of the upper
internal cylindrical member 37 in the axial direction in the
inner space of the external cylindrical member 35 is
restricted. Likewise, when the hook portion of the lower
engaging claw 38b fits into the lower engaging hole 35¢, the
movement of the lower internal cylindrical member 38 in the
axial direction in the inner space of the external cylindrical
member 35 is restricted.

Next, the injection holes 39, the strip protrusions 40 and 41,
and a circumferential channel 43 partitioned by the injection
holes 39 and the strip protrusions 40 and 41 will be described.

As shown in FIGS. 7, 13 and 14, a plurality of circumfer-
ential strip protrusions 40 are provided on the outer circum-
ferential surface of the internal cylindrical member 34 in a
protruding manner, along the circumferential direction
orthogonal to the axial direction. These circumferential strip
protrusions 40 are formed at a regular interval, across the
axial direction of the internal cylindrical member 34 (the axial
direction of the core 31). Also, the interval between the adja-
cent circumferential strip protrusions 40 is in accordance with
the diameter of the injection holes 39 and the width of the
exhaust hole 42. Moreover, the circumferential strip protru-
sions 40 have their end surfaces formed so as to intimately
contact the inner wall surface of the external cylindrical mem-
ber 35, and partition the circumferential channel 43 extending
in the circumferential direction of the core 31. The circum-
ferential channel 43 corresponds to a encircling channel, and
guides the blow-by gas BG (the sprayed gas) along the encir-
cling direction.

As described above, the injection holes 39 and the exhaust
holes 42 are shifted from each other in the axial direction of
the core 31. The circumferential strip protrusion 40 is pro-
vided at a position between the injection holes 39 and the
exhaust holes 42. This structure prevents, by the circumfer-
ential strip protrusion 40, the blow-by gas BG injected from
the injection holes 39 to directly flow to the exhaust holes 42.

Furthermore, as shown in FIGS. 7 through 10, axial strip
protrusions 41 are provided in a protruding manner on the
outer circumferential surface of the internal cylindrical mem-
ber 34, along the axial direction of the core 31. Two axial strip
protrusions 41 are provided at 180 degrees angular intervals
in the circumferential direction. As shown in FIG. 12, these
axial strip protrusions 41 are provided with their end faces
intimately contacting the inner wall surface of the external
cylindrical member 35. Also, as shown in FIGS. 7 through 10,
these axial strip protrusions 41 are provided with a gap
between the end portions of the circumferential strip protru-
sions 40 in the circumferential direction. According to this
structure, the circumferential channels 43 partitioned by each
circumferential strip protrusion 40 communicate with one
another in a communication space 44 closer than the axial
strip protrusions 41.

As shown in FIGS. 3 and 15, the blow-by gas BG injected
from the injection holes 39 after being injected onto the
spraying surface 35a of the external cylindrical member 35,
flows in the circumferential direction (the encircling direc-
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tion) along the circumferential channel 43 at which the injec-
tion holes 39 is opened. Then, when it reaches the communi-
cation space 44, the blow-by gas BG changes the direction of
flow and flows into the circumferential channel 43 at which
the exhaust hole 42 is opened. That is, after being injected
from the injection holes 39, the blow-by gas BG flows to the
communication space 44 through the circumferential channel
43, makes a U-turn in the communication space 44, and flows
through another circumferential channel 43 to be discharged
from the exhaust hole 42. Accordingly, in this example, the
circumferential channel 43 at which the injection holes 39 is
opened corresponds to a first encircling channel for causing
the blow-by gas BG to flow in a first encircling direction, and
the circumferential channel 43 at which the exhaust hole 42 is
opened corresponds to a second encircling channel for caus-
ing the blow-by gas BG to flow in a second encircling direc-
tion opposite the first encircling direction.

As described above, the blow-by gas BG from which oil
has been removed by the separation unit 16 flows into the
inner space of the core 31. This blow-by gas BG is purified by
the core 31 and the filtering member 32 as shown in FIG.
16(a). That is, as shown in FIG. 16(c), oil mist OM, having
carbon CB covered with oil as a core, is contained in the
blow-by gas BG. Then, as shown in FIG. 16(5), when passing
through the core 31, the blow-by gas BG is injected into the
separation chamber 36 from the injection holes 39 provided in
the internal cylindrical member 34. When the injected blow-
by gas BG is sprayed onto the spraying surface 354, the oil
mist contained in the blow-by gas BG is condensed on the
spraying surface 35q, and is separated from the blow-by gas
BG. As shown in FIG. 3, the oil OL separated from the
blow-by gas BG moves according to the flow of the blow-by
gas BG, and moves through the circumferential channel 43
toward the communication space 44.

Here, as shown in FIGS. 1 and 2, the filter element 13 ofthe
present embodiment is used in a standing position. That is, in
the use state, one end of the core 31 in the axial direction is
positioned lower than the other end. Thus, as shown in FIG. 3,
the oil OL which has reached the communication space 44 is
prevented from moving in the circumferential direction by the
axial strip protrusion 41 and flows down the communication
space 44 due to its own weight.

The oil OL which has flowed down the communication
space 44 is stored in the lower end of the separation chamber
36. Here, in the present embodiment, since the oil OL is
separated by the separation unit 16 on the upstream side, the
amount of 0il to be stored is not large. However, if the amount
of storage grows large due to one reason or another, such as
use over a long period of time, the oil OL is discharged to the
outside (the filtering member 32) from the exhaust hole 42
provided at the lower end portion of the core 31. In this case,
the exhaust hole 42 at the lowermost end functions also as an
oil discharge portion.

As shown in FIG. 2, the 0il OL discharged from the core 31
moves inside the filtering member 32 toward the outer cir-
cumferential side. The oil OL passes through the drain chan-
nel 23 provided in the housing 11, and is guided by the drain
member 14. Then, the oil OL which has flowed down the
narrowed portion 14« is returned to the engine 4 through the
oil collection pipe 8 connected to the narrowed portion 14a.

Furthermore, the blow-by gas BG discharged from the
exhaust hole 42 passes through the filtering member 32 and,
at this time, the carbon contained in the blow-by gas BG is
removed by filtration by the filtering member 32. The blow-
by gas BG from which carbon and oil have been removed can
thereby be returned to the air inlet side channel 5.
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As described above, according to the present embodiment,
the oil mist is condensed and separated from the blow-by gas
BG by forming the core 31 with a double tube having the
internal cylindrical member 34 and the external cylindrical
member 35 and spraying the blow-by gas BG from the injec-
tion holes 39 of the internal cylindrical member 34 onto the
spraying surface 35a of the external cylindrical member 35.
In this manner, since the oil is separated using condensation,
the efficiency is not reduced even if separation is performed
over a long period of time. The blow-by gas BG is sprayed
onto the condensed oil, and thus, the oil mist easily combines
with the condensed oil. Accordingly, the efficiency of sepa-
ration of oil from the blow-by gas BG can be increased.

Also, with the core 31, since the oil mist is separated by
forming the separation chamber 36 inside a double tube, a
small and efficient oil separator can be realized. Furthermore,
since the blow-by gas BG from which oil has been separated
is made to flow to the filtering member 32, deterioration due
to the oil of the filtering member 32 can be suppressed.

Furthermore, the circumferential channels 43 are parti-
tioned off by the plurality of circumferential strip protrusions
40 provided on the outer circumferential surface of the inter-
nal cylindrical member 34 and the blow-by gas BG injected
from the injection holes 39 is guided by the circumferential
channels 43 along the circumferential direction, and thus, the
separation of oil can be promoted by the centrifugal separa-
tion effect by rotation. Also, the blow-by gas BG is led to the
exhaust hole 42 after making a U-turn in the communication
space 44, and this also promotes the separation of oil.

Moreover, since the axial strip protrusion 41 is provided
along the axial direction of the core 31, oil flowing through
the communication space 44 can be reliably made to flow
down along the axial strip protrusion 41.

Next, the separation unit 16 will be described.

As shown in FIG. 17, the separation unit 16 is formed by
overlaying, in a through-thickness direction, a plurality of
substantially disk-shaped members, each having a notch.
Specifically, as shown in FIGS. 18 and 19, the separation unit
16 includes a ceiling member 51, a first intermediate member
52, a second intermediate member 53 and a bottom member
54. In the present embodiment, each of these members 51 to
54 is fabricated of resin.

The ceiling member 51 is a member that partitions a ceiling
portion of the separation unit 16, and includes a ceiling plate
51a, an inner rib 515 and an outer rib 51c.

The ceiling plate 51a is a substantially doughnut-shaped
plate having an arc-shaped notch, and is provided having a
plurality of injection holes 514 penetrating in the through-
thickness direction. These injection holes 514 are parts for
injecting, at an increased flow velocity, the blow-by gas BG
which has flowed from the upstream side. In the present
embodiment, the injection holes 51d are formed being radi-
ally arranged from the center of the ceiling plate 51a. Spe-
cifically, three injection holes 514 are formed with gaps ther-
ebetween in the radial direction (the width direction of the
encircling channel) to form an injection hole group, and the
injection hole groups are formed at 120 degrees angular inter-
vals in the circumferential direction.

The inner rib 515 is a protruding portion provided protrud-
ing downward (in the stacking direction of the members)
from the edge of an opening provided in the ceiling plate 51a.
This inner rib 515 is joined with an inner rib 525 of the first
intermediate member 52. Also, the outer rib 51c¢ is a protrud-
ing portion provided protruding downward at the outer cir-
cumferential edge of the ceiling plate 51a. This outer rib 51c¢
is joined with an outer rib 52¢ of the first intermediate mem-
ber 52. The ceiling plate 51a and a first intermediate plate 52a

35

40

45

55

10

of the first intermediate member 52 are supported with a
predetermined gap therebetween by the inner ribs 515 and
52b, and the outer ribs 51¢ and 52c.

The first intermediate member 52 is a member that is
attached between the ceiling member 51 and the bottom
member 54, and includes the first intermediate plate 52a, the
inner rib 524 and the outer rib 52¢.

The first intermediate plate 52a is a plate member having
the same shape as the ceiling plate 51a, and a plurality of
injection holes 524 are formed thereto. These injection holes
52d are also parts for injecting, at an increased flow velocity,
the blow-by gas BG which has flowed from the upstream side,
and are formed radially from the center of the first interme-
diate plate 52a. The injection holes 524 provided in the first
intermediate plate 524 are also formed in a group of three with
gaps therebetween in the radial direction to form an injection
hole group, and the injection hole groups are formed at 120
degrees angular intervals in the circumferential direction.
Also, the size of each injection hole 524 is the same as that of
the injection hole 514 of the ceiling plate 51a. Here, the
injection hole group of the first intermediate plate 52a is
formed being shifted in the circumferential direction from the
injection hole group of the ceiling plate 51a. The surface of
the first intermediate plate 52a facing the injection hole group
of the ceiling plate 51a thereby functions as a spraying sur-
face onto which the blow-by gas BG is sprayed.

The inner rib 525 is a protruding portion provided protrud-
ing upward and downward from the edge of an opening pro-
vided in the first intermediate plate 52a. The upper portion of
the inner rib 525 is joined with the inner rib 515 of'the ceiling
member 51, and the lower portion is joined with an inner rib
535 of the second intermediate member 53. The outer rib 52¢
is a protruding portion protruding upward and downward
from the outer circumferential edge of the first intermediate
plate 52a. The upper portion of the outer rib 52¢ is joined with
the outer rib 51c¢ of the ceiling member 51, and the lower
portion is joined with an outer rib 53¢ of the second interme-
diate member 53.

Like the first intermediate member 52, the second interme-
diate member 53 is a member attached between the ceiling
member 51 and the bottom member 54, and includes a second
intermediate plate 53, the inner rib 535 and the outer rib 53c¢.
The position where the injection hole group of the second
intermediate member 53 is formed is different from that of the
injection hole group of the first intermediate plate 52a. That
is, the injection hole group of the second intermediate plate
53a is provided at the same position as the injection hole
group of the ceiling plate 51a in the circumferential direction.
The surface of the second intermediate plate 53« facing the
injection hole group of'the first intermediate plate 52a thereby
functions as a spraying surface onto which the blow-by gas
BG is sprayed. Additionally, other parts of the second inter-
mediate member 53 are structured in the same manner as
those of'the first intermediate member 52, and an explanation
thereof is omitted.

The bottom member 54 is a member for partitioning the
bottom portion of the separation unit 16, and includes a bot-
tom plate 54a, an inner rib 545 and an outer rib 54c.

The bottom plate 54a is a plate member having the same
shape as the ceiling plate 51qa, and a plurality of discharge
holes 544 are formed thereto. These discharge holes 544 are
parts for discharging, to the outside of the separation unit 16,
the blow-by gas BG after separation of the oil OL (the sepa-
rated gas) and the condensed oil OL, and functions both as a
gas discharge portion and as an oil discharge portion. These
discharge holes 544 are also formed radially from the center
of the bottom plate 54a. That is, the discharge holes 544 are
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formed in a group of three with gaps therewith in the radial
direction to form a discharge hole group, and the discharge
hole groups are formed at 120 degrees angular intervals in the
circumferential direction.

Also, the size of each discharge hole 544 is the same as that
of the injection holes 39 of the ceiling plate 51a and each
intermediate plate. Here, the discharge hole group of the
bottom plate 544 is formed at the same position as the injec-
tion hole group of the first intermediate plate 52a in the
circumferential direction, and at a position different from that
of the injection hole group of the second intermediate plate
53a. Thereby the surface of the bottom plate 54a facing the
injection hole group of the second intermediate plate 53a
thereby functions as a spraying surface onto which the blow-
by gas BG is sprayed.

The inner rib 545 is a protruding portion provided protrud-
ing upward from the edge of an opening provided in the
bottom plate 54a. The inner rib 545 is joined with the inner rib
535 of the second intermediate member 53. Also, the outer rib
54c is a protruding portion provided protruding upward from
the outer circumferential edge of the bottom plate 54a. The
outer rib 54¢ is joined with the outer rib 53¢ of the second
intermediate member 53.

As shown in FIG. 19, when the ceiling member 51, the first
intermediate member 52, the second intermediate member 53
and the bottom member 54 are integrated by hermetically
joining the inner ribs 515 to 545, and the outer ribs 51c to 54c¢,
the inner ribs 515 to 545 form an inner lateral plate, and the
outer ribs 51c¢ to 54¢ form an outer lateral plate. The ceiling
plate 51a, the first intermediate plate 52a, the second inter-
mediate plate 53¢ and the bottom plate 54qa are supported by
the inner lateral plate and the outer lateral plate while being
stacked with spaces therebetween.

Moreover, a flat space curved in such a way as to circulate
and guide the blow-by gas BG is formed between the ceiling
plate 51a and the first intermediate plate 52a, between the first
intermediate plate 52a and the second intermediate plate 53a,
and between the second intermediate plate 53a and the bot-
tom plate 54a. The flat space corresponds to a separation
chamber for separating oil mist from the blow-by gas BG, and
also, to a encircling channel curved in the encircling direction
to guide the blow-by gas BG. The flat space of the present
embodiment includes three spaces, the top, the middle and the
bottom. For the sake of convenience, in the following descrip-
tion, the flat space at the top, the flat space in the middle and
the flat space at the bottom will be referred to as a top encir-
cling channel TC1, a middle encircling channel TC2 and a
bottom encircling channel TC3, respectively.

As shown in FIG. 2, the blow-by gas BG which has flowed
into the oil separator unit 3 from the upper breather pipe 2a
flows into the separation unit 16 from a space above the
separation unit 16 (the upper gas channel). That is, as shown
in FIGS. 18 and 20, the blow-by gas BG flows into the top
encircling channel TC1 from the injection hole group of the
ceiling plate 51a. Here, since the diameter of each injection
hole 514 is sufficiently small, the flow velocity of the blow-by
gas BGis increased at the time of the blow-by gas BG passing
through each injection hole 514.

The blow-by gas BG which has flowed into the top encir-
cling channel TC1 is sprayed on the spraying surface of the
first intermediate plate 52a. When the blow-by gas BG is
sprayed, the oil mist contained in the blow-by gas BG is
condensed on the surface of the first intermediate plate 52a
and is separated from the blow-by gas BG. Then, the oil OL
separated from the blow-by gas BG is pushed by the blow-by
gas BG and flows on the surface of the first intermediate plate
52a. In the cutaway range in FIG. 20, the separated oil flows
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through the top encircling channel TC1 (the first encircling
channel) in the right direction (the first encircling direction).

The blow-by gas BG and the oil OL which have flowed
through the top encircling channel TC1 flow into the middle
encircling channel TC2 from the injection hole group of the
first intermediate plate 524, and are sprayed onto the spraying
surface of the second intermediate plate 53a. Here, the 0il OL
that is sprayed adheres to the spraying surface of the second
intermediate plate 53a. Also, the oil mist contained in the
blow-by gas BG is separated from the blow-by gas BG by
condensing on the surface of the second intermediate plate
53a or by adhering to the oil OL that is already condensed.
Then, the oil OL which is separated from the blow-by gas BG
is pushed by the blow-by gas BG, and flows on the surface of
the second intermediate plate 53a. In the cutaway range in
FIG. 20, the separated 0il OL flows through the middle encir-
cling channel TC2 (the second encircling channel) in the left
direction (the second encircling direction).

The blow-by gas BG and the oil which have moved through
the middle encircling channel TC2 flow into the bottom encir-
cling channel TC3 from the injection hole group of the second
intermediate plate 534, and are sprayed onto the spraying
surface of the bottom plate 54a. Also at this time, the sprayed
01l OL adheres to the spraying surface of the bottom plate 54a.
Also, the oil mist contained in the blow-by gas BG is sepa-
rated. Then, the oil OL separated from the blow-by gas BG is
pushed by the blow-by gas BG, and flows on the surface of the
bottom plate 54a. In the cutaway range in FIG. 20, the sepa-
rated oil OL flows through the bottom encircling channel TC3
(the first encircling channel) in the right direction (the first
encircling direction).

The blow-by gas BG and the oil OL which have moved
through the bottom encircling channel TC3 are discharged to
the outside of the separation unit 16 from the discharge hole
group of the bottom plate 54a. In the present embodiment, the
hem of the separation unit holder 15 is at a position facing the
discharge hole group. Thus, the oil OL discharged from the
discharge hole group flows along the downward slope surface
of the hem, and flows down to the drain channel 23. On the
other hand, the blow-by gas BG from which the oil OL has
been separated rises in the inner space of the separation unit
holder 15. Then, as shown in FIG. 2, the blow-by gas BG
flows into the inner space 33 of the core 31, and further
separation of 0il OL is performed in the core 31, as described
above.

As described, in the present embodiment, the separation
unit 16 is formed from the ceiling plate 51a, the first interme-
diate plate 52a, the second intermediate plate 534, the bottom
plate 54a, the inner lateral plate (the inner ribs 515 to 54d) and
the outer lateral plate (the outer rib 51c¢ to 54¢). The ceiling
plate 51a, the first intermediate plate 52a, the second inter-
mediate plate 53a and the bottom plate 54a are hermetically
joined by the inner lateral plate and the outer lateral plate
while being stacked with spaces therebetween. Also, the top
encircling channel TC1 is formed from the ceiling plate 51a,
the first intermediate plate 52a, the inner lateral plate and the
outer lateral plate. Likewise, the middle encircling channel
TC2 is formed from the first intermediate plate 52a, the
second intermediate plate 53a, the inner lateral plate and the
outer lateral plate, and the bottom encircling channel TC3 is
formed from the second intermediate plate 53a, the bottom
plate 54q, the inner lateral plate and the outer lateral plate.

Moreover, the blow-by gas BG is sprayed from the injec-
tion hole group of the ceiling plate 51a toward the spraying
surface of the first intermediate plate 52a, and oil is separated
from the blow-by gas BG by condensation. Oil is likewise
separated from the blow-by gas BG by spraying the blow-by
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gas BG from the injection hole group of the first intermediate
plate 52a toward the spraying surface of the second interme-
diate plate 53a, or spraying the blow-by gas BG from the
injection hole group of the second intermediate plate 53a
toward the spraying surface of the bottom plate 54a.

Since this separation unit 16 separates the oil OL using
condensation, the efficiency is not easily reduced even if
separation is performed over a long period of time. The blow-
by gas BG is sprayed onto the condensed oil OL, and thus, the
oil mist easily combines with the condensed oil OL. Accord-
ingly, the efficiency of separation of the oil OL from the
blow-by gas BG can be increased.

With this separation unit 16, since the plate members 51ato
53a where the injection holes 51d to 534 are formed are
stacked on one another with spaces therebetween, the unit can
be easily miniaturized even if several tiers of encircling chan-
nels are provided. Also, since the channels TC1 to TC3
through which the blow-by gas BG flows are curved and the
blow-by gas BG are made to circulate, the separation of the oil
OL can be promoted also by the centrifugal force occurring at
the time of encircling. This enables to increase the separation
efficiency. Furthermore, the encircling directions of a plural-
ity of tiers of encircling channels TC1 to TC3 are opposite
with respect to the adjacent tiers, and this also allows the unit
to be easily miniaturized.

Moreover, with respect to the injection holes 51d to 534,
and the discharge holes 544, since these holes are formed
being aligned in the width direction of the encircling channels
crossing the encircling direction of the blow-by gas BG, the
moving distance of the blow-by gas BG can be made long,
and accordingly, separation of the oil OL can be promoted.

Heretofore, the preferred embodiment of the present inven-
tion has been described. However, this embodiment is to
facilitate the understanding of the present invention, and is
not intended to limit the interpretation of the present inven-
tion. The present invention may be changed and modified
within the spirit of the invention, and its equivalents are also
included. For example, the following structure is conceivable.

With respect to the core 31, in the embodiment described
above, a plurality of circumferential channels 43 are parti-
tioned in the separation chamber 36 by providing a plurality
of circumferential strip protrusions 40 on the outer circum-
ferential surface of the internal cylindrical member 34, but the
structure is not limited to such. For example, as shown in FIG.
21, the exhaust hole 42 provided in the external cylindrical
member 35 may be shifted in the circumferential direction of
the core 31 from the position where the injection hole 39 is
formed, without providing the circumferential strip protru-
sion 40 to the internal cylindrical member 34. In this case, the
exhaust hole 42 is preferably a slit elongated in the axial
direction of the core 31. This is to easily secure the moving
distance for the blow-by gas BG after it is sprayed onto the
spraying surface. Also, in this case, the axial strip protrusions
41 provided near the injection holes 39 and the exhaust hole
42, respectively, are preferably arranged in such a manner as
to sandwich the space from the injection holes 39 to the
exhaust hole 42 in the separation chamber 36 from the outer
sides in the circumferential direction of the core 31. Accord-
ing to this structure, since the range where the blow-by gas
BG flows is restricted by the axial strip protrusions 41, unused
space can be reduced.

Also with respect to the core 31, in the embodiment
described above, a structure is illustrated where the core 31 is
provided integrally with the filter element 13, but the structure
is not limited to such. For example, as shown in FIG. 22, the
core 31 may be provided integrally to the housing 11. Simi-
larly, as shown in FIG. 23, the core 31 may be provided
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integrally to the cap member 12. In the case of providing the
core 31 to the housing 11, the core 31 may be integrated by
being joined to the base 21. Also, in the case of providing the
core 31 to the cap member 12, the upper end portion of the
core 31 may be integrated by being joined to the pressing/
holding portion 25. Additionally, in any of the modified
examples, the filter element 13 not having the core 31 is used,
and the core 31 is attached before the cap member 12 is
attached to the housing 11.

With respect to the separation unit 16, in the embodiment
described above, that provided with the three tiers of encir-
cling channels TC1 to TC3 is illustrated, but the structure is
not limited to such. For example, as shown in FIG. 24, the
separation unit 16 may be formed from the ceiling member 51
and the bottom member 54, and one tier of encircling channel
may be provided. Also, as shown in FIG. 25, the separation
unit 16 may be formed from the ceiling member 51, an inter-
mediate member 55 and the bottom member 54, and two tiers
of'encircling channels may be provided. Additionally, similar
to the first intermediate member 52 and the second interme-
diate member 53, the intermediate member 55 includes an
intermediate plate 55a, an inner rib 555, an outer rib 55¢ and
injection holes 554. In any of the modified examples, oil mist
can be separated from the blow-by gas BG by spraying the
blow-by gas BG onto the spraying surface.

Furthermore, with respect to the separation unit 16, the size
and number of the injection holes and the discharge holes may
be determined as appropriate according to the property of the
blow-by gas BG for which separation is to be performed. For
example, as shown in FIG. 26, one injection hole group may
be formed from five injection holes 51d or 554, or one dis-
charge hole group may be formed from five discharge holes
54d. Also, as shown in FIG. 27, the size of each injection hole
51d or 55d, or of each discharge hole 544 may be made larger
than that in the embodiment described above. Additionally,
the number of injection hole groups or the discharge hole
groups is not limited to the number in the embodiment
described above. For example, two injection hole groups or
two discharge hole groups may be provided at 180 degrees
angular intervals, or four injection hole groups or four dis-
charge hole groups may be provided at 90 degrees angular
intervals.

Furthermore, as shown in FIG. 28, with respect to the
encircling channel of the separation unit 16, partition plates
54¢ and 55¢ may be provided in the radial direction, and the
encircling channel may be partitioned into a plurality of fan-
shaped regions. In this example, three partition plates 54e and
55e are provided at 120 degrees angular intervals. The encir-
cling channel is partitioned into three fan-shaped regions by
these partition plates 54e and 55e. Also, the injection hole
group and the discharge hole group are formed near the par-
tition plates 54e¢ and 55e. The performance for separation of
the oil OL from the blow-by gas BG can be enhanced also by
providing a plurality of fan-shaped regions in this manner.

Moreover, a plurality of protrusions may be provided on
the bottom surface of the encircling channel. In the example
shown in FIG. 29, a plurality of regular hexagonal protrusions
54f and 55f'with missing tops are provided on the surface of
the bottom plate 54a and the surface of the intermediate plate
55a. By providing protrusions on the bottom surface of the
encircling channel in this manner, condensation of the 0il OL
is promoted at the time of spraying of the blow-by gas BG.
Therefore the performance for separation of the oil OL from
the blow-by gas BG can be thereby enhanced. Additionally,
the protrusions provided on the encircling channel may take
various forms. For example, small concavities and convexi-
ties may be formed to produce a rough surface. If a plurality
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of regular hexagonal protrusions 54f and 55/ with missing
tops are provided as in the modified example of FIG. 29, high
condensation effect can be obtained also for the blow-by gas
BG flowing from various directions, without interrupting the
flow of the condensed oil OL.

Also, a flow turbulence member for causing turbulence in
the blow-by gas BG (the sprayed gas) may be provided in the
encircling channel. By causing turbulence in the blow-by gas
BG, the retention time in the encircling channel can be made
long. Also, the condensation of oil may be promoted by the
turbulent blow-by gas BG contacting the flow turbulence
member.

The flow turbulence member is only for causing turbulence
in the blow-by gas BG, and thus, it may take various forms.
For example, as in the modified example of FIG. 30, a cross-
shaped plate member 55g obtained by combining plate pieces
in a cross shape may be used. Alternatively, a hexagonal
columnar member 55/ may be used as in the modified
example of FIG. 31. Additionally, from the standpoint of
causing turbulence in the blow-by gas BG, these members
55g and 55/ are preferably formed up to the upper end of the
encircling channel in the height direction.

Furthermore, the bottom surface of the encircling channel
may be tilted downward toward the downstream of the blow-
by gas BG in the encircling direction. For example, a sloping
member 56 shown in FIG. 32 may be used instead of the
intermediate member 55 of the modified example of FIG. 25.
A bottom surface 564 of the sloping member 56 illustrated in
FIG. 32 is tilted downward in an anticlockwise direction, and
the blow-by gas BG or condensed oil OL flows toward the
downstream side through an opening 565 provided between
the upper slope end and the lower slope end.

As described above, the 0il OL condensed on the spraying
surface flows on the bottom surface of the encircling channel
according to the flow of the blow-by gas BG, but by using the
sloping member 56 of this modified example, the condensed
oil OL moves by the downward slope of the bottom surface
56a and the flow of the blow-by gas BG. As a result, the
condensed oil OL is less likely to remain in the encircling
channel.

Moreover, the blow-by gas BG has been exemplified as the
oil-containing gas, which is the separation target, but the
oil-containing gas may be any type of gas as long as it is gas
containing oil mist.

Furthermore, the embodiment described above gave an
explanation taking the oil separator unit 3 having the core 31
and the separation unit 16 as an example, but the core 31 and
the separation unit 16 may be used individually. In this case,
the core 31 may be formed of a multi-tube of triple (or more)
tube without being restricted to a double tube.

REFERENCE SIGNS LIST

1 Closed crankcase ventilation system
2 Breather pipe

2a Upper breather pipe

25 Downstream side breather pipe
3 Oil separator unit

354 Discharge port

4 Engine

5 Air inlet side channel

6 Air filter

7 Turbocharger

11 Housing

11a Upper end portion of housing
12 Cap member

12a O-ring
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13 Filter element

14 Drain member

14a Narrowed portion

145 PCV valve

15 Separation unit holder

16 Separation unit

21 Base

22 Cylindrical communication portion
23 Drain channel

234 Intermediate valve

24 Ceiling

25 Pressing/holding portion

25a Pressing plate

25b Convex protrusion

31 Core

32 Filtering member

33 Inner space of core

34 Internal cylindrical member

35 External cylindrical member

35a Spraying surface

355 Upper engaging hole

35¢ Lower engaging hole

36 Separation chamber

37 Upper internal cylindrical member
37a Upper end part of upper internal cylindrical member
3756 Upper engaging claw

37¢ Main part of upper internal cylindrical member
38 Lower internal cylindrical member
38a Lower end part of lower internal cylindrical member
385 Lower engaging claw

38¢ Main part of lower internal cylindrical member
39 Injection hole

40 Circumferential strip protrusion
41 Axial strip protrusion

42 Exhaust hole

43 Circumferential channel

44 Communication space

51 Ceiling member

51a Ceiling plate

515 Inner rib

51c Outer rib

51d Injection hole

52 First intermediate member

52a First intermediate plate

525 Inner rib

52c¢ Outer rib

52d Injection hole

53 Second intermediate member

53a Second intermediate plate

535 Inner rib

53¢ Outer rib

53d Injection hole

54 Bottom member

54a Bottom plate

545 Inner rib

54c¢ Outer rib

54d Discharge hole

54e Partition plate

54f Protrusion

55 Intermediate member

55a Intermediate plate

55b Inner rib

55¢ Outer rib

55d Injection hole

55e Partition plate

55f Protrusion

55g Cross-shaped plate member
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55/ Hexagonal columnar member
BG Blow-by gas
OL 0Oil
OM Oil mist
CB Carbon
TC1 Top encircling channel (Separation chamber)
TC2 Middle encircling channel (Separation chamber)
TC3 Bottom encircling channel (Separation chamber)

The invention claimed is:

1. A separator that separates oil mist from oil-containing

gas containing the oil mist, comprising:

a separation chamber including an injection hole config-
ured to inject the oil-containing gas while increasing a
flow velocity thereof compared with a flow velocity in a
gas channel through which the oil-containing gas has
flowed, and a spraying surface, facing the injection hole,
onto which the oil-containing gas injected from the
injection hole is sprayed;

an oil discharge portion, communicating with the separa-
tion chamber, configured to discharge oil condensed on
the spraying surface; and

a gas discharge portion, communicating with the separa-
tion chamber, configured to discharge gas after the oil
mist that is condensed is separated,

wherein an encircling channel configured to cause sprayed
gas which has been sprayed onto the spraying surface to
circulate is formed inside the separation chamber,

wherein the separation chamber includes

a ceiling plate partitioning a ceiling surface of the sepa-
ration chamber, and having the injection hole pro-
vided therein,

a bottom plate partitioning a bottom surface of the sepa-
ration chamber, and having a discharge hole serving
both as the gas discharge portion and as the oil dis-
charge portion provided therein, and

a lateral plate hermetically joining the ceiling plate and
the bottom plate in a stacked state with a space ther-
ebetween, and partitioning a lateral surface of the
separation chamber, and

wherein the encircling channel is formed as a flat space,
between the ceiling plate and the bottom plate, that is
curved along a encircling direction.

2. The separator according to claim 1,

wherein the encircling channel includes
afirst encircling channel configured to cause the sprayed

gas to circulate in a first encircling direction, and

a second encircling channel, communicating with the
first encircling channel, configured to cause the
sprayed gas to circulate in a second encircling direc-
tion opposite the first encircling direction.

3. The separator according to claim 1, wherein

the separation chamber is formed in a double tube having
an internal cylindrical member and an external cylindri-
cal member, between an outer circumferential surface of
the internal cylindrical member and an inner circumfer-
ential surface of the external cylindrical member,

the injection hole is formed in the internal cylindrical mem-
ber,

the spraying surface is set to a range, on the inner circum-
ferential surface of the external cylindrical member, fac-
ing the injection hole,

the gas discharge portion is formed as an opening commu-
nicating an inside and an outside of the external cylin-
drical member, at a position shifted from the spraying
surface on the external cylindrical member, and
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the oil discharge portion is formed as an opening commu-
nicating the inside and the outside of the external cylin-
drical member.

4. The separator according to claim 3, wherein

the gas discharge portion is formed at a position shifted,
from a position where the injection hole is formed, in an
axial direction of the double tube, and

a circumferential strip protrusion partitioning a circumfer-
ential channel extending in a circumferential direction
ofthe double tube is provided between the injection hole
and the gas discharge portion in the separation chamber.

5. The separator according to claim 4, wherein

one end of the double tube in the axial direction is posi-
tioned lower than another end, and

an axial strip protrusion that is arranged along the axial
direction of the double tube in a protruding manner so as
to restrict a flow of the sprayed gas is provided at a
position with a space between an end portion of the
circumferential strip protrusion.

6. The separator according to claim 3, wherein

the gas discharge portion is arranged being shifted, from a
position where the injection hole is formed, in a circum-
ferential direction of the double tube, and

axial strip protrusions for restricting a flow of the sprayed
gas are provided along an axial direction of the double
tube, proximate the injection hole and proximate the gas
discharge portion, respectively, so as to sandwich a
space in the separation chamber from the injection hole
to the gas discharge portion from outer sides in the
circumferential direction of the double tube.

7. The separator according to claim 6, wherein the gas
discharge portion is a slit-shaped opening elongated in the
axial direction of the double tube.

8. The separator according to any one of claims 3 to 7,
wherein a filtering member is arranged on an outer circum-
ferential surface side of the external cylindrical member.

9. The separator according to claim 1, wherein a plurality
of'the injection holes and a plurality of the discharge holes are
formed aligned in a width direction of the encircling channel,
intersecting the encircling direction of the sprayed gas.

10. A separator that separates oil mist from oil-containing
gas containing the oil mist, comprising:

a separation chamber including an injection hole config-
ured to inject the oil-containing gas while increasing a
flow velocity thereof compared with a flow velocity in a
gas channel through which the oil-containing gas has
flowed, and a spraying surface, facing the injection hole,
onto which the oil-containing gas injected from the
injection hole is sprayed;

an oil discharge portion, communicating with the separa-
tion chamber, configured to discharge oil condensed on
the spraying surface; and

a gas discharge portion, communicating with the separa-
tion chamber, configured to discharge gas after the oil
mist that is condensed is separated,

wherein an encircling channel configured to cause sprayed
gas which has been sprayed onto the spraying surface to
circulate is formed inside the separation chamber,

wherein the separation chamber includes

a ceiling plate partitioning a ceiling surface of the sepa-
ration chamber, and having the injection hole pro-
vided therein,

a bottom plate partitioning a bottom surface of the sepa-
ration chamber, and having a discharge hole serving
both as the gas discharge portion and as the oil dis-
charge portion provided therein,
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an intermediate plate, provided between the ceiling plate
and the bottom plate, having another injection hole
configured to inject, while increasing a flow velocity,
the sprayed gas flowing from an upstream side pro-
vided therein, and
a lateral plate hermetically joining the ceiling plate, the
intermediate plate and the bottom plate in a stacked
state with spaces therebetween, and partitioning a
lateral surface of the separation chamber, and
wherein the encircling channel is formed as a flat space,
between the ceiling plate and the intermediate plate and
between the intermediate plate and the bottom plate, that
is curved with respect to a surface direction of each plate.

11. The separator according to claim 10, wherein a plural-
ity of the injection holes, a plurality of the other injection
holes and a plurality of the discharge holes are formed being
aligned in a width direction of the encircling channel, inter-
secting the encircling direction of the sprayed gas.

12. The separator according to claim 1, wherein a plurality
of protrusions are provided on a bottom surface of the encir-
cling channel.

13. The separator according to claim 1, wherein a flow
turbulence member configured to cause turbulence in the
sprayed gas is provided in the encircling channel.

14. The separator according to claim 1, wherein the bottom
surface of the encircling channel is tilted downward toward a
downstream side in the encircling direction of the sprayed
gas.
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